Abstract. Nest predation is considered a primary force shaping avian communities, and landscape-scale features (e.g., amount of fragmentation) are generally recognized as factors mediating nest predation. These same landscape-scale features, however, may promote invasion by exotic plants, which may, in turn, increase risk of nest predation. We examined whether the use of exotic shrubs (Lonicera spp. and Rosa multiflora Thumb.) affected nest predation across 12 riparian forest sites along a rural-urban gradient (Ͻ1-47% urban land cover within 1 km). From 2001 to 2003 and American Robin (Turdus migratorius) nests Յ5 m tall were monitored. Nest substrate, nest height, and distance from the forest edge were recorded for each nest, whereas nest placement and nest patch characteristics were measured only for Northern Cardinal nests (n ϭ 68). To further assess relative rates of nest predation in native vs. exotic shrubs while controlling for nest height, distance to edge, and land use, we conducted an artificial nest experiment at two rural sites. Artificial nests (n ϭ 79) were placed at similar heights in honeysuckle, rose, and native nest substrates along a transect 50-75 m from the forest edge. Nest substrate and landscape type alone failed to account for differences in daily mortality rates. Instead, the effect of nest substrate varied with the landscape matrix, such that nests in exotic shrubs in urbanizing landscapes were twice as likely to be depredated than nests in native substrates, irrespective of distance from the edge. Artificial nests placed in exotic shrubs in rural landscapes also suffered higher rates of nest failure than artificial nests in native substrates. Daily mortality rates were greater for nests in exotic shrubs, likely due to reduced nest height and larger shrub volume surrounding the nest. Nests in exotic shrubs were 1.5-2 m lower to the ground and within patches containing 6-9 times more exotic shrub volume. These differences may improve search efficiency of mammalian predators, which appear to be the main predators at our study sites. Based on marks present on recovered clay eggs, 68% of the predation events were attributed to mammals. These findings demonstrate that exotic shrubs can reduce nesting success of forest birds and may cause increased nest failure in urbanizing landscapes. This illustrates another way that exotic plants may diminish habitat quality and limit the capacity of urban forests to contribute to wildlife conservation; therefore, restoring the native shrub community may prove beneficial.
INTRODUCTION
Nest predation is a common source of nest failure in birds (Ricklefs 1969 , Martin 1992 , 1993a and is thought to be a primary selective force shaping nestsite selection (Martin and Roper 1988 , Martin 1992 , 1993b , nest-site suitability (Martin 1988a) , life history traits (Martin 1995) , and patterns of avian distribution (Martin 1988b , 1988c , Sieving and Willson 1998 , Rodewald and Yahner 2001a . Because nest predation exerts such a strong selective force on birds, research has focused on identifying factors that govern the intensity and frequency of nest predation. Recent work in eastern 1 E-mail: kathiborgmann@hotmail.com landscapes suggests that landscape-scale factors such as amount of fragmentation and amount of regional forest cover (Robinson et al. 1995 , Flather and Sauer 1996 , Thompson et al. 2002 and even specific land uses (Rodewald and Yahner 2001a, b, Rodewald 2002) can increase rates of nest predation for forest birds. Many of the same landscape-scale factors (e.g., land uses) that are associated with increased nest predation may also facilitate invasion by exotic plants (Moran 1984 , Rottenborn 1997 , Hobbs 2000 , Borgmann 2002 ).
In riparian forests in Ohio, exotic shrub volume was closely associated with land uses such that, volume of Lonicera spp. (Lonicera maackii (Rupr.) Herder, Lonicera tatarica L.) was positively associated with urbanization in areas that were likely colonized by Lonicera spp. at similar times (Borgmann 2002) . Associations between the landscape matrix and invasion have important implications because exotic shrubs may reduce nesting success and abundance of birds that are already vulnerable due to urbanization and habitat degradation (Mills et al. 1989 , Germaine et al. 1998 , Rottenborn 1999 , Schmidt and Whelan 1999 , Donovan and Flather 2002 , Remes 2003 . Unfortunately, little empirical data exists to assess how these interactions affect nest success (D'Antonio et al. 2001 , Reichard et al. 2001 , Byers et al. 2002 . Schmidt and Whelan (1999) provided the first evidence that exotic shrubs negatively affect nest success of forest birds in one Chicago area woodlot. They demonstrated that daily mortality rates were nearly three times higher for nests in exotic shrubs than nests in native shrubs. Because other factors (e.g., distance from edge and landscape matrix) may have produced similar results, we expanded upon their research by using a multi-scale approach to evaluate how the use of exotic shrubs (Lonicera spp. [hereafter honeysuckle] and R. multiflora [hereafter rose]) as nest substrates affects nest success. We evaluated how exotic shrubs affect nest success at the landscape scale (land use within 1 km), habitat scale (e.g., within a site), and at the nest-site scale (habitat immediately surrounding the nest). The goals of our study were to compare nesting success among exotic and native nest substrates at several sites across a rural-urban gradient and to identify the mechanisms by which exotic shrubs may be responsible for increased nest predation. Specifically, we addressed the following questions: (1) Do daily mortality rates differ among nests (Յ5 m tall) located in honeysuckle, rose, and native nest substrates? (2) Does nest placement (within the nest substrate) and vegetation within the nest patch differ among nests in exotic and native nest substrates? (3) Do differences in vegetation surrounding the nest and nest placement characteristics influence nest fate? (4) Does location of exotic shrubs within the forest contribute to edge related predation?, and (5) Does the landscape matrix mediate these patterns?
METHODS

Study area
The study area was located within the Scioto River Watershed in central Ohio. Sites were located within Franklin and Delaware counties on publicly and privately owned lands. Land cover within these two counties was primarily agriculture (44%) and urban/residential development (41%), whereas only 8.5% of the land cover was forested (USGS EROS Data Center 2000). Remnant forests persist mainly in riparian areas (Laub 1979, Groom and Grubb 2002) and are generally dominated by maple (Acer spp.), black cherry (Prunus serotina Ehrh.), white ash (Fraxinus americana L.), American elm (Ulmus americana L.), cottonwood (Populus deltoids Bartr. ex Marsh.), Ohio buckeye (Aesculus glabra Willd.), and boxelder (Acer negundo L.). Dominant understory shrubs include honeysuckle, multiflora rose, and, to a lesser extent, native shrubs including spicebush (Lindera benzoin L. Blume) and hawthorn (Crataegus L.).
Potential riparian forest study sites (Ն100 m wide and Ͼ250 m long) within the watershed were identified from digital orthophoto quadrangle (DOQ) images (USGS DOQ 1994 and detailed maps of Franklin and Delaware counties. From these, we selected 12 sites that met the following criteria: (1) mature riparian forest, (2) ϳ100-200 m wide, (3) Ն250 m long, (4) Ն2 km between sites, (5) negligible slope (Ͻ5%), and (6) river width of ϳ20-40 m. Only eight sites were studied in all years due to time constraints; four additional sites were studied in only one of the three years. We calculated the percentage of land area containing urban, forest, and agricultural cover types within a 1 km radius for all sites using 1994 Thematic Mapper Imagery data (Ohio Department of Natural Resources, Columbus, Ohio, USA) and ArcView geographic information software (ESRI, Redlands, California, USA) ( Table 1) . Land covered by pavement or buildings was classified as urban development and open (nonforested areas lacking wetlands or water) vegetation was classified as agriculture. The amount of forest within the landscape was not confounded with urbanization, as the two were not significantly related (r ϭ Ϫ0.53, P ϭ 0.08). Because percent cover by agriculture and urban land cover were negatively correlated (r ϭ Ϫ0.63, P ϭ 0.03), only percent urban land cover was used in analyses, as this was the focus of our work.
Nest monitoring
We searched for and monitored nests of Northern Cardinals and American Robins. Each site was searched for active nests from May to early August in 2001, 2002, and 2003 . Nests were located primarily by observing adult behavior (e.g., carrying nesting material or food) and secondarily by systematically searching nest substrates. Nest fate was monitored every 3-5 d following Martin et al. (1997) . A nest was considered successful if one young fledged from the nest. Nests were considered failed when either the nest or eggs were destroyed or when nest activity ceased prior to expected fledging date (after incubation was confirmed). Abandoned nests, in which nest activity ceased prior to confirmed incubation, were removed from analyses.
Vegetation characteristics describing the nest patch (0.04-ha circular plot centered on the nest) were measured for the most common species (Northern Cardinal) following a modified Breeding Bird Survey Protocol (BBIRD) (Martin et al. 1997) (James and Shugart 1970, Martin et al. 1997) . We measured characteristics of nest placement within each nest substrate, including nest height, nest substrate species, number of branches supporting the nest, diameter of support branches, distance of the nest from the central axis of the nest substrate, and distance of the nest from the nearest foliage edge.
Artificial nest experiment
Artificial nest studies can provide an index to depredation pressures, but they cannot accurately measure real depredation as experienced by nesting birds because they lack parental influences, such as nest concealment and defense (e.g., Yahner and Scott 1988 , Donovan et al. 1997 , Keyser et al. 1998 . Use of large (e.g., quail) eggs may further bias artificial nest studies because they discriminate against small predators (Haskell 1995), but biases can be minimized with use of plasticine eggs, which allow effective sampling of both small and large predators (Donovan et al. 1997 , Keyser et al. 1998 . Despite these shortcomings, artificial nest studies are valuable because they can measure relative differences in depredation risk among treatments.
Artificial nests were placed within a rural (Ͻ10% urban land cover within 1 km) landscape at one site in 2001 (n ϭ 29 nests) and two sites in 2002 (n ϭ 50 nests). We used old Northern Cardinal and American Robin nests and baited each nest with one clay egg (Van Aken International, Rancho Cucamonga, California, USA) shaped to resemble a Northern Cardinal egg (ϳ25 ϫ 18 mm). Eggs were fashioned while wearing latex gloves and exposed for at least 2 d prior to the start of the experiment (Major and Kendal 1996) . Nests were placed every 25 m along one transect, 50 m from and paralleling the river (Wilcove 1985 , Haskell 1995 , and 50-75 m from the forest edge. We placed nests in the nearest substrate along the transect alternating between honeysuckle (n ϭ 24), rose (n ϭ 28), and native (n ϭ 27) nest substrates when possible. To control for the effect of nest height, each nest was placed at similar heights (mean nest height ranged from 0.89 to 1.58 m). After the initial placement, nests were checked every 3 d over a 12-d period; the average number of incubation days for Northern Cardinals. Latex gloves and rubber boots were worn during nest placement and at subsequent nest checks (Rudnicky and Hunter 1993, Whelan et al. 1994) . Artificial nest characteristics were measured for all nests placed in 2001 and 2002 including amount of visual concealment (measured at eye level 1 m from the nest in four cardinal directions [Martin et al. 1997] ), nest height, distance of the nest from the nearest foliage edge of the nest substrate, and distance of the nest from the central axis. A nest was considered depredated if the egg was missing, scratched, punctured, or bitten.
Data analysis
Prior to running analyses, variables not meeting the assumption of normality were transformed (log[x ϩ 1], , or ). In two cases, we discovered ͙x ϩ 0.5 ͙x ϩ 1 highly correlated variables and removed one member of the pair from analyses. Percentage of urban and agricultural land cover were negatively correlated (r ϭ Ϫ0.63, P ϭ 0.03), thus we retained urban cover given our interest in the consequences of urbanization. In addition, distance of the nest to the river was negatively correlated with distance to forest edge (r ϭ Ϫ0.64, P Ͻ 0.001). We dropped distance to river because we believed that the anthropogenic edge was more relevant to nest predation in our study system.
Land cover data were placed into two distinct categories based on the percentage of urban land cover within 1 km of each site. Urbanizing landscapes (n ϭ 6) were classified as those containing Ͼ10% urban land cover within 1 km. Landscapes containing Ͻ10% urban land cover were classified as rural (n ϭ 6; Table 1 ). These landscapes also differed qualitatively, such that rural landscapes contained only dispersed single-family homes, while urbanizing landscapes contained strip malls and concentrated residential developments.
Daily mortality rates (DMR) were calculated per site and per nest substrate (honeysuckle, rose, and native species) for natural nests following Mayfield's (1961) method. To avoid confounding nest height with nest substrate, only Northern Cardinal and American Robin nests Յ5 m tall were used in analyses. Within this understory layer, both native and exotic plants were relatively common, whereas native species dominated the midstory and canopy layers. Nests of Northern Cardinals and American Robins were lumped due to small sample sizes; however, because these species are similar in size and nest in similar locations and landscapes, we believe that combining species does not confound the data.
Chi-square approximations were used to test for between year differences in nest fate for both natural and artificial nests (Proc Freq; SAS Institute 1990) . Nest data were pooled across years, as fate did not differ between years ( 2 ϭ 4.18, df ϭ 2, P ϭ 1.24). Moreover, substrate use did not vary over the breeding season (Borgmann 2002) . Artificial nest data were also pooled across years and sites, because the percentage of depredated nests did not differ between years ( 2 ϭ 1.12, df ϭ 1, P ϭ 0.289) or between sites ( 2 ϭ 2.09, df ϭ 1, P ϭ 0.148).
We then used GENMOD to determine if daily mortality rates for natural nests differed based on (1) nest substrate, (2) land use, or (3) the interaction between nest substrate and land use (Proc Genmod; SAS Institute 1990). Because sample sizes (n ϭ 79 at two sites) in the artificial nest study prevented us from using DMR, we used chi-square approximations to test for differences in the percentage of depredated artificial Nests monitored only in one year of the study. ¶ Nests monitored only during two years of the study.
FIG. 1. Daily mortality rates for Northern Cardinal and
American Robin nests (Յ5 m) in honeysuckle, rose, and native nest substrates within rural and urban landscapes (n ϭ 188 nests). Land uses were categorized as follows: rural, Ͻ10% urbanization (n ϭ 6); urban, Ͼ10% urbanization (n ϭ 6) within 1 km of each site.
nests among nest substrates for each exposure day (Proc Freq; SAS Institute 1990). We compared the differences in nest placement and nest patch characteristics among nests in honeysuckle, rose, and native nest substrates for both the natural nest study and the artificial nest study with multiple analysis of variance (MANOVA; SAS Institute 1990), which controlled experimentwise error at alpha ϭ 0.05. If Wilks' lambda was significant (P Ͻ 0.05), a posteriori univariate F tests were used to identify which nest characteristic significantly differed among the nest substrates. Nest placement and nest patch characteristics that differed between substrates were then compared to nest fate (success vs. failure) with MANOVA. Table 1 ). Of these nests, 24% were in honeysuckle, 28% in rose, and 48% in native substrates. Nests in native substrates were primarily (76%) located in small trees or saplings (e.g., boxelder). Daily mortality rates (DMR) did not significantly differ based on land use ( 2 ϭ 2.09, df ϭ 1, P ϭ 0.148) or nest substrate ( 2 ϭ 0.86, df ϭ 1, P ϭ 0.650) alone. Instead, the effect of exotic shrubs on DMR varied with land use ( 2 ϭ 5.90, df ϭ 2, P ϭ 0.052), such that nests in exotic shrubs in urbanizing landscapes were particularly vulnerable to predation (Fig. 1) .
RESULTS
Natural nest study
Based on 68 Northern Cardinal nests (Յ5 m tall), both nest placement (Wilks' lambda F 10, 108 ϭ 7.97, P Ͻ 0.001) and nest patch (Wilks' lambda F 20, 112 ϭ 5.12, P Ͻ 0.001) characteristics differed among nests in honeysuckle, rose, and native nest substrates. All nest placement characteristics, except distance of the nest to the nearest foliage edge, differed among nests in honeysuckle, rose, and native nest substrates (Table 2 , Fig. 2 ). Northern Cardinal nests in native nest substrates were nearly two and a half times higher than nests in either rose or honeysuckle (F 2,58 ϭ 28.16, P Ͻ 0.001). Distance of the nest from the central axis of the nest substrate also differed, with nests in rose shrubs placed closer to the central axis of the shrub (F 2,58 ϭ 5.25, P ϭ 0.008). Nests in native substrates were supported by more (F 2,58 ϭ 3.81, P ϭ 0.028) and larger diameter branches (F 2,58 ϭ 8.94, P Ͻ 0.001) than nests in either rose or honeysuckle. Of the nest patch characteristics, only exotic shrub volume (F 2,65 ϭ 44.49, P Ͻ 0.001), native woody vegetation volume (F 2,65 ϭ 6.34, P ϭ 0.003), and distance of the nest to the forest edge (F 2,65 ϭ 4.34, P ϭ 0.017) differed among nest substrates (Table 2, Fig. 3 ). Differences were such that nests in exotic shrubs had six to nine times more exotic shrub volume surrounding the nest (i.e., in the EXOTIC SHRUBS AND NEST PREDATION nest patch) than nests in native nest substrates. Nests in honeysuckle were also closer to the forest edge than nests in other substrates. Although these nest placement and nest patch characteristics varied between nests substrates (Tables 2 and 3) , none significantly affected nest fate (F 7,53 ϭ 1.52, P ϭ 0.181).
Artificial nest experiment
The percentage of artificial nests depredated differed among nests in honeysuckle, rose, and native nest substrates after the third exposure day ( 2 ϭ 6.54, df ϭ 2, P ϭ 0.038), but did not differ thereafter (day 6, 2 ϭ 2.33, df ϭ 2, P ϭ 0.312; day 9, 2 ϭ 1.67, df ϭ 2, P ϭ 0.435; day 12, 2 ϭ 0.886, df ϭ 2, P ϭ 0.642), as the majority of nests already were depredated (Fig.  4) . More nests in honeysuckle were depredated than nests in rose or native nest substrates after the third exposure day (Fig. 4) . Differences among honeysuckle, rose, and native nest substrate growth form lead to differences in horizontal concealment and distance of the nest from the central axis (F 2,67 ϭ 17.99, P Ͻ 0.001; F 2,67 ϭ 4.61, P ϭ 0.01, respectively); however, neither variable affected nest fate (F 2,67 ϭ 0.49, P ϭ 0.617; Table 3 ).
DISCUSSION
Both natural and artificial nests demonstrated that exotic shrubs negatively affected predation rates of understory (Յ5 m) nesting birds, however the negative effect of exotic shrubs varied with the landscape matrix. Nests in exotic shrubs in urbanizing landscapes experienced higher daily mortality rates (DMR) than those in more rural landscapes. Although exotic shrubs in the natural nest study did not appear to negatively impact nest success in rural landscapes, results from the artificial nest experiment indicate that exotic shrubs in rural landscapes can still reduce nest success. Several other studies also have suggested that exotic plants negatively affect avian communities by altering species abundance (Anderson et al. 1977 , Braithwaite et al. 1989 , Mills et al. 1989 , Rottenborn 1997 , Germaine et al. 1998 , Benoit and Askins 1999 , species guilds (Hunter et al. 1988 , Fraser and Crowe 1990 , Ellis 1995 , brood parasitism rates (Anderson et al. 1977 , Reichard et al. 2001 , and nest success (Schmidt and Whelan 1999, Remes 2003) . Few of these studies, however, measured other local and landscape variables (e.g., distance from edge and surrounding land uses), potentially confounding their results. Because exotic shrubs are more abundant near forest edges in many systems (Brothers and Spingarn 1992 , Luken and Goessling 1995 , Goldblum and Beatty 1999 , reduced nest success could result from increased edge-related nest predation (Gates and Gysel 1978 , Paton 1994 , King et al. 1996 , rather than from the exotic nest substrate. Although honeysuckle volume was negatively related to distance from the forest edge (Borgmann 2002) and nests in honeysuckle were closer to the forest edge, there was no edge-related pattern in nesting success within each of the nest substrates. Therefore, our results provide compelling evidence that the nest substrate itself, rather than its location within a site, is responsible for increased predation.
Although specific mechanisms of increased vulnerability of nests in exotic shrubs are unclear, there have been several proposed hypotheses. Differences in nest placement and shrub growth form between native and exotic nest substrates have been suggested to increase predation risk (Braithwaite et al. 1989, Schmidt and Whelan 1999) . Nest height can be an important factor affecting nest success (Best and Stauffer 1980, Filliater et al. 1994 ) as ground-foraging mammals, such as raccoons (Procyon lotor), and small mammals are more likely to encounter nests lower to the ground (Schmidt 1999) . This may, in part, explain the pronounced differences in DMR among nest substrates in urbanizing landscapes, where higher numbers of nest predators (A. D. Rodewald, unpublished data) and domestic cats (Felis domesticus; K. L. Borgmann, personal observation) were regularly observed. Based on marks present on recovered clay eggs, 68% of the predation events were attributed to mammals, while avian predators accounted for only 19% of the depredated eggs.
Structural differences between native and exotic shrubs also may affect predation rates. Schmidt and Whelan (1999) suggest that the presence of thorns on native shrubs may have prevented predator (e.g., raccoon) access, reducing predation rates, however multiflora rose, which contains multiple thorns, experienced high rates of nest predation in our study. Interestingly, mammals depredated artificial nests with thorns more frequently than artificial nests without thorns. This discrepancy may be due to different predator assemblages at each study site or to other factors not yet understood. Lateral concealment of the nest also may contribute to increased predation (Martin and Roper 1988) , although nests in honeysuckle and rose were generally better concealed (honeysuckle ϭ 47.34 Ϯ 8.75; native ϭ 10.94 Ϯ 5.98; rose ϭ 62.14 Ϯ 4.96 [mean Ϯ 1 SE]). Other structural differences such as number and size of support branches may limit predator access to nests, however it is unclear how plant structures affect predator foraging behavior.
Vegetation characteristics within the nest patch are thought to affect nest success in a number of ways (Martin and Roper 1988 , Martin 1992 , 1993b . First, exotic shrubs often reduce the diversity of nest substrates, resulting in less nest-site partitioning. This uniformity can increase predation because predators can focus their efforts on specific nest sites or patches (Martin 1987 (Martin , 1988b (Martin , 1993b . For example, Martin (1988b Martin ( , 1993b found that predation rates dropped when nests were segregated among different substrates and placed at varying heights. Because exotic shrubs dominated the understory at our sites and because nests in exotic shrubs were placed at similar heights, these similarities may have facilitated predator search image allowing predators to focus their efforts on specific nest types (Bowman and Harris 1980 , Martin 1987 , 1988b , c, 1993b , Schmidt and Whelan 1998 , Chase 2002 . Second, dense patches of vegetation may have a higher probability of containing nests, which can increase density dependent predation (Martin and Roper 1988 , Martin 1988b , c, Schmidt and Whelan 1998 , Schmidt 1999 .
Although few of these characteristics affected nest fate in our study system, birds may not have had enough time to respond to recent changes in habitat structure that result from invasion by exotic plants (Gates and Gysel 1978 , Siepielski et al. 2001 , Chase 2002 . Moreover, gene flow from nearby forest patches also can prevent or reduce adaptation (Misenhelter and Rotenberry 2000) . In addition, the lack of association between nest-site characteristics and nest fate may result if the predator community is diverse, as different search behaviors can preclude ''safe'' nest sites (Filliater et al. 1994 , Misenhelter and Rotenberry 2000 , Chase 2002 ).
An important finding that distinguishes our study from others is that the landscape matrix appeared to mediate the influence of exotic shrubs, such that nests in exotic shrubs were particularly vulnerable in urbanizing landscapes. This may, in part, be explained by several important differences between riparian forests in rural and urbanizing landscapes. First, exotic shrubs, especially honeysuckle, are more likely to dominate the understory shrub community in urbanizing landscapes (Borgmann 2002) . Thus, in urbanizing landscapes exotic shrubs can decrease nest-site partitioning, which may increase predation risk. Predators also may show a functional response, increasing search effort in areas with dense patches of exotic shrubs, as dense patches of vegetation are likely to contain more nests (Martin 1988c) . Second, urban landscapes typically maintain higher numbers of nest predators (Matthiae and Stearns 1981 , Oehler and Litvaitis 1996 , Haskell et al. 2001 ). In our study area, urban landscapes contained nearly three times the number of nest predators than rural landscapes (A. D. Rodewald, unpublished data), including American Crows (Corvus brachyrhynchos), Blue Jays, (Cyanocitta cristata), domestic cats, eastern gray squirrels (Sciurus carolinensis), eastern chipmunks (Tamias striatus), and raccoons. Third, prey (i.e., bird) density could differ between landscapes such that density-dependent factors would contribute to differences in DMR among nest substrates. However, surveys of breeding birds at our sites indicate that the number of understory-nesting birds did not differ between rural and urbanizing landscapes (A. D. Rodewald, unpublished data). Therefore, density-dependent predation is likely not responsible for increased daily mortality although density dependence was not directly tested. In sum, birds nesting in exotic shrubs were more vulnerable to predation, particularly in urbanizing landscapes where exotic shrubs and nest predators were more abundant. We suggest this increased vulnerability stems from differences in nest-placement and nestpatch characteristics that may facilitate the ability of mammals to locate nests in exotic shrubs.
CONSERVATION IMPLICATIONS
It is critical that ecologists and land managers understand the interactions among exotic plants and wildlife species, especially as exotic plants become more prevalent (Reichard et al. 2001 , Zavaleta et al. 2001 , Byers et al. 2002 . This study was the first to demonstrate that exotic shrubs can negatively impact avian nest success while explicitly accounting for both distance from edge and the landscape matrix. These findings have several important implications for land managers and biologists. First, because invasion of exotic shrubs is tied to the landscape matrix (Borgmann 2002) , and landscape matrix characteristics (i.e., urbanization) exacerbated the negative impacts of exotic shrubs, managers can identify forest reserves where avian communities may be especially vulnerable and require additional conservation attention. Second, city planners and managers can take a proactive approach by addressing land uses that increase invasion risk. For example, low-development buffer zones surrounding forest reserves may reduce invasion by exotic plants (Hobbs and Humphries 1995, Pysek et al. 2002) . Third, at the local scale, restoring the native shrub community, especially in urban landscapes, may prove to be a viable strategy to improve nest success for species already at risk (Donovan and Flather 2002) . Ecological Applications Vol. 14, No. 6 Exotic plants likely impact songbirds in more ways than just nest success (Braithwaite et al. 1989 , Fraser and Crowe 1990 , Reichard et al. 2001 , Renne et al. 2002 however, not all of these effects are negative. For example, fruit-producing exotic shrubs may be important food resources for migrating and overwintering passerines, especially in areas lacking native fruits (Reichard et al. 2001 ). Because our understanding of how exotic plants affect songbirds is limited, additional research is needed to (1) determine if exotic shrubs impact annual productivity, (2) better identify the underlying causes of decreased nesting success in exotic shrubs, and (3) determine if selection of exotic shrubs is an adaptive or nonadaptive behavior.
